The impact of dough hydration level and particle size distribution of the rice flour on the gluten 12 free bread quality and in vitro starch hydrolysis was studied. Rice flour was fractionated in fine 13 and coarse parts and mixed with different amounts of water (70%, 90% and 110% hydration 14 levels) and the rest of ingredients used for making gluten free bread. Larger bread specific 15 volume was obtained when coarser fraction and great dough hydration (90-110%) were 16 combined. The crumb texture improved when increasing dough hydration, although that effect 17 was more pronounced when breads were obtained from fine fraction. Estimated glycaemic index 18 was higher in breads with higher hydration (90-110%). Slowly digestible starch (SDS) and 19 resistant starch (RS) increased in coarse flour breads. Coarse fraction complemented with great 20 dough hydration (90-110%) was the most suitable combination for developing rice bread when 21 considering bread volume and crumb texture. However, the lowest dough hydration limited 22 starch gelatinization and hindered the in vitro starch digestibility. 23 24 Keywords: Gluten-free bread; particle size; water content; starch digestibility 25 26 3
Introduction 27 28
Celiac disease (CD) has become an increasingly recognized autoimmune enteropathy triggered 29 by the ingestion of some cereal prolamines. In Europe, the prevalence of CD is between 0.3 and 30 2%, depending on the geographic area evaluated (Mustalahti et al., 2010) . Along with genetic 31 susceptibility, environmental factors may play a role in the development of celiac disease 32 (Niewinski, 2008) , also timing of the introduction of gluten in infancy was demonstrated to be 33 an important factor (Norris et al., 2005) . The individual's intolerance to gluten is lifelong and 34 self-perpetuating, being the only treatment a strict adherence to gluten-free diet (GFD). Despite 35 the benefits of a GFD on symptoms, numerous negative sequelae have been reported: lower 36 intakes of essential micronutrients, vitamins and minerals and higher intakes of sugar (Wild, 37
Robins, Burley & Howdle, 2010) . 38
Given the changes in diet and in the small intestinal absorptive function following the gluten-39 free diet treatment, significant changes in body mass index may be expected (Dickey & Keame, 40
2006; Ukkola et al., 2012). Moreover, CD is usually related to associate diseases such as 41 anaemia and type I diabetes. Nevertheless, type I diabetes is diagnosed first than CD in the 90% 42 of the cases (Holmes, 2001) . Since celiac disease is associated with a high incidence of type I 43 diabetes (Cronin & Shanahan, 1997), they should maintain good glycaemic control whilst 44 adhering to a strict gluten-free diet. 45
The glycaemic index (GI) defined as "the area under curve of blood glucose after eating a food 46 containing a determined quantity of carbohydrate" provides an indirect measure of the ability of 47 a food to raise blood glucose and a direct one of the absorption of carbohydrates. The glycaemic 48 index classification of foods has been used as a tool to assess prevention strategies for diseases 49 where glycaemic control plays an important role, such as obesity and diabetes. So far, celiac 50 patients were advised only to avoid gluten in their diet but taking into account nutritional quality 51 of gluten-free products left unsaid. On (Table  158 1, Figure 1 ). The specific volume significantly increased when coarse flour was used to obtain 159 breads, and also a steady increase of specific volume was also observed when enhancing water 160 content of dough. The fact that coarse flour yields better loaf specific volume was also observed properties of the dough during mixing (Marco & Rosell, 2008) . It must be stressed that fine 170 particles increase the contact surface, thus greater amount of water is necessary for hydrating the 171 raw material and later on for swelling starch granules. This could be the explanation of the very 172 low specific volume achieved by breads obtained from fine flour and low water content (70%). 173
Nevertheless, that deficiency was partially corrected when the amount of water increased 174 allowing the hydration of the particles (Table 1) figure 2 indicated that differences in bread specific volume derived from diverse particle size 180 can be minimized increasing the water content. Specific volume of breads made with coarse 181 flour and 90 or 110% of water did not show significant differences, suggesting that optimal 182 water content for this particle size is around 90-110%. 183
Coarse flour led to breads with lower water retention ability as indicated its significantly higher 184 weight loss, which also increased with higher water content ( Table 1) . The lower water retention 185 might be attributed to the lower hydration ability of the coarse particles compared to the fine 186 ones. In fact, de la Hera, Gómez and Rosell (2013) The term resistant starch (RS) refers to the sum of intact starch and retrograded starch that pass 234 into the large intestine, which makes the distinction between starch that is hydrolysed and 235 absorbed in the human small intestine (the sum of RDS and SDS), and starch that reaches the 236 human large intestine (RS) (Englyst & Cummings, 1990) . In this study, resistant starch varied 237 from 0.89/100g up to 1.96g/100g. Discarding bread made with fine flour and 70% of water, 238 which could hardly be considered bread (Figure 1 ), SDS and RS were greater in breads from 239 coarse rice flour. In the case of bread made with fine flour seems that the degree of starch 240 gelatinization determined the amount of the different starch fractions. Because of that the higher 241 amount of water the greater RDS fraction is, until the amount of water is no longer limiting. 242
After being gelatinized and thus in disentangled structure, starch granules are readily accessible 243 to enzymes attack, whereas native starch, ungelatinized starch and retrograded amylose are not 244 susceptible to undergo enzymatic hydrolysis. The pancreatic -amylase affinity for digesting 245 starches is dependent on the degree of order of starch that has important influence on the initial 246 rate at which native starch is digested by amylase (Tahir, Ellis & Butterworth, 2010). 247
Nevertheless, in the case of breads made with coarse flour, it seems that the surface area of the 248 granules plays an important role. De la Hera, Gomez and Rosell (2013) reported differences 249 among enzymatic hydrolysis plots of flour fractions when particle size was higher than 150 m, 250 displaying slower hydrolysis when increasing the particle size. Tester and Karkalas (2006) 251 described that the larger granules the smaller is the surface area to volume ratio and hence thepotential surface to be attacked and hydrolyzed by enzymes. It has been reported that alfa-253 amylase affinity for native starches is dependent on the particle size of starch, due to the enzyme 254 feasibility for binding/absorption (Tahir, Ellis & Butterworth, 2010). The first step of the 255 enzymatic hydrolysis is the enzyme binding and absorption which will be limited due to the 256 lower surface area compared to the fine flour. As particle size increases, the surface area 257 exposed to digestive enzymes decreases, leading to decreased rate of digestion (Pi-Sunyer, Table 3 . 269
There is a lack of information about starch digestibility and glycaemic response of gluten-free 270 foods; although some authors have reported that the GI of gluten-free bread is significantly 271 higher than that of traditional bread (Berti, Riso, Monti & Porrini, 2004; Matos & Rosell, 2011) . 272
The maximum hydrolysis (C ¥ ), or the hydrolysis degree when the enzymatic reaction showed 273 minimal variation due to the particle size of the flour and the water content used in the recipe. 
